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Abstract 
The Face Recognition (FR) is growing as a major research area because of the broad choice of applications in the fields of 
commercial and law enforcement. Traditional FR methods based on Visible Spectrum (VS) are facing challenges like object 
illumination, pose variation, expression changes, and facial disguises. Unfortunately these limitations decrease the performance 
in object identification and verification. To overcome all these limitations, the Infrared Spectrum (IRS) may be used in human 
FR. So it leads and encourages the researchers for continuous research in this area of FR. Simultaneously, the present study 
emphasizes the use of three dimensional cubic dataset i.e. Multi/ Hyperspectral Imagery Data in FR. The IR based Multi/ 
Hyperspectral Imaging System can minimize the several limitations arise in the existing and classical FR system because the skin 
spectra derived with cubic dataset depicts the unique features for an individual. Multi/ Hyperspectral Imaging System provides 
valuable discriminants for individual appearance that cannot be obtained by additional imaging system that’s why this may be the 
future of human FR.  This paper also presents a detailed and time to time review of the literature on FR in IRS.  
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1. Introduction 
The first traditional semi-automated FR system was developed in 19601 to locate the features of an individual 
person. FR is biometric application in which an individual face is identified in a digital image by analyzing and 
comparing patterns2. There are usually three steps exist in a Face Recognition System (FRS); Acquisition is 
recognition and capturing of facial descriptions from various sight; Normalization is segmentation, arrangement and 
consistency of facial descriptions; Recognition performs illustration, modeling of unfamiliar facial descriptions and 
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links them with well-known models to offer the identities. FR generally follows the statistical pattern recognition 
approach66. 
1.1. Limitations of Visible Spectrum in FR 
FR has grown to be major study areas of computer visualization and applied pattern recognition. Principle of FR 
is lying on input facial images, collected in electromagnetic range to their identification and verification, but beyond 
that it has gain the mature level with some limitations3. Dealing with VS (390-750 nm) for FR outperforms some 
limitations such as illumination, pose, facial expression changes, and facial disguises.  
A number of methods have been developed by different researchers to minimize the difficulties on the imagery, 
collected in VS. The pose problem is minimized by method named as 2D warp4. The problem of illumination is 
minimized by using the two techniques called as Image Processing Filters5 and Statistical Facial Models6.The 
comparison of various IR based latest biometric techniques is shown in Table-1. 
1.2. Infrared Spectrum (IRS) over Visible Spectrum (VS) 
Due to the support to the invariance in the changes of poses, the IRS has achieved a great consideration in the 
research domain. In FR, the images captured by cameras in IRS have more characteristics than VS7. The IR images 
can be captured in different type of lighting environment; even in the complete dark night which show the strength 
of IR images to represents the facial variances8 for FR. Another characteristic of IR images is the effect of 
absorption and scattering on the energy, less as compared to the VS. Including exterior information of the face like 
expression, pose variation, illumination the anatomical information such as vascular network of a face can be drawn9 
strongly using IRS imagery data. The thermal vision of IR images provides help to find the disguises in the face 
which are not supported in the VS. Therefore a lot of scope of research and applications can anticipate in IRS 
domain. 
Table-1: Differentiation of diverse IR based biometric techniques (M – Medium, L – Low, H – High) 
Factors Long Term 
Strength Capabilities Distinctiveness 
Acceptance 
Level 
Integrity Implementation Cost 
Image 
Size 
Gait M L M M H H H 
Thermogram L M H M H H H 
Multi/Hyper Spectral  H H H H H H H 
Skin Spectroscopy H H H H H M M 
Finger-vein patterns H H H L H M M 
ECG M M H H H M M 
DNA H H H L H L L 
1.2.1  Range and Characteristics 
In reference of research and development, researchers divided IRS into four sub-bands namely NIR, SWIR, 
MWIR and LWIR. Different sub-bands contain the different frequencies value due to the solar spectrum and divided 
by absorption lines of the atmospheric gasses10. For the FR, the difference in IR sub-bands is due to the heat 
emission spectrum of the human body. A brief summary of IRS sub-bands is depicted with Table-2. 
 
Table -2: Division of IRS and Characteristics  
S.NO IRS Sub-bands Range (Wavelength) Image Characteristics 
Applications  
1 NIR 0.75-1.4 μm Good excellence, Human body condition invariant 
Facial Recognition59,  Hand 
Vein61detection 
2 SWIR 1.4-3 μm Good quality, Less sensitive to body conditions Face Recognition
65 
3 MWIR 3-8 μm Good quality, sensitive to body conditions Face62 and Hand Vein63 Recognition 
4 LWIR 8-15 μm Low contrast, sensitive to body conditions Face64 and Hand Vein61 Recognition 
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1.2.2   Significance and Limitations 
IR based FR techniques are developed due to the limitations in the visible VS and  leads to a new research in the 
IR field for which several complex IR speciﬁc models are being proposed in which the domain specific properties of 
the data are much explored. The IR images have a great significance in the field of FR to extract important biometric 
features, facial expression, pose changes etc., which demonstrate a high level of distinctiveness14  and affect the FR 
system. A strong FR system should support the facial expression and pose changes. A comparison was carried out 
by Friedrich et al.8 to show the difference of Thermal IR and VS images i.e. IR imagery are fewer exaggerated by 
variation in pose or facial look than VS49 images.  
The blood vessels are more radiator than the surrounding tissues. Because the IR cameras confine the heat 
emitted from a face, so now days the digital image processing techniques are used to extract blood vessel patterns 
from face images. The important property of blood vessels is the nature of “hardwired” i.e. the vessels are not 
affected by factors such as aging, except for conventional growth15. Moreover the vessel pattern can be widely 
extended upto large populations because it has almost same characteristics for all individuals. In a study, Prokoski et 
al. calculated that almost there are 175 blood vessels on a human face and can be extracted to produce great details 
about the face image as compared to the tissues. In the IR imaging, the temperature distribution of artificial hair and 
skin are differing from the natural hair and skin, so it can help in recognition of forgery attempts and disguises.  
In the IR spectrum, the heat emitted by the faces is exaggerated by several complex variables i.e. ambient heat, 
condition of airﬂow, exercise, sickness and drugs16. Few complex variables produce global as well as local thermal 
appearance changes. The Local Thermal Appearance Changes (LTAC) can occur due to “Wearing clothes, 
experiencing stress, blushing, having a headache or an infected tooth”. The eye glasses11 also create difficulties in IR 
spectrum for the FR especially in the SWIR sub-band.  The areas around the eyes provide great information for FR. 
But due to eye glasses, it can decrease the recognition accuracy12 . The Multi-modal fusion based methods37 have 
been used to minimize this problem. The IR images also disappoint in FR process, if an individual consumes 
alcohol. The problem lead by wearing eye glasses can be minimized by combining the information from IRS and 
VS3. Many researchers have developed different algorithms such as Facial Vascular Networks9 and Blood Perfusion 
Data12to extract a sequence of information. These algorithms also support to minimize the dependency of 
temperature which arises due to the thermal appearance.  
1.2.3  IRS and Imagery Database 
The rising attention for the utilization of IR images in FR shaped the necessities for facial datasets. Different 
datasets of IR facial descriptions are accessible freely and summarized with the help of Table 3.  
Table- 3:  Summary of Different database used in IRS 
S.No Face image dataset Description 
1 Equinox Collections of facial imagery, in VS and IRSwith the different lighting positions of the 
human face50.  
2 IRIS Thermal and VS dataset Contains approximately 4228 thermal and visible images of sizes 320 x 240, collected by the 
longwave IR Camera at the University of Tennessee having uneven illuminations.  
3 PolyU Dataset Collected in NIR sub-band having the approximately 34,000 face images of 335 individuals 
with a variant of different pose and facial expression for each subject51.  
4 CMU Dataset In October 2001, 54 varied faces at numerous sessions for a period of about one and half 
months and having spectral range from 450- 1100 nm was captured by polarimetric camera.  
5 CASIA NIR Database NIR face database contains approximately 3,940 face images of 197 subjects and can have 
applications in NIR facial recognition 56. 
6 Surveillance Cameras (SC) List It is dataset of 4160 indoor static imagery taken in visible and IR spectrum of 130 subjects57. 
7 Terravic Facial IR Database The database contains JPEG thermal sequences with variations of size 320 x 240 pixels58. 
8 CBSR NIR Face Dataset This dataset have several applications such as Fr and eye recognition. The data set contains 
almost 3,940 NIR facial images of 197 individuals having the size of 480 × 640 pixels59. 
9 USTC-NVIE Database The database contains the combination of visible and IR face images of 100 subjects with 
and without wearing the glasses60. 
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2. Literature Review of Different Methods of FR by means of IR Images 
The approaches named as holistic appearance, feature based, multi-spectral based, and multi-modal fusions are 
used for FR in IR spectrum.  
2.1 Holistic Methods 
In Holistic appearance methods, we consider the face image entirely, so it does not support to process the 
features separately. This method is unique in functioning for the face images and help in processing of the faces in a 
different way comparative to others categories53. Different researchers have used this approach for FR using infrared 
images. In 1992, Prokoski et al14 have studied the potential of IR imaging for the FR by extracting the significant 
shape called as “elementary shapes” from the thermograms and the structure of these elementary shapes was like the 
finger prints. The different methods were used to extract these elementary shapes from the thermograms, but no 
technical details of these methods are completely available and also no published work is found to show the 
effectiveness of these methods.  
2.1.1 Classical Methods   
The early research studies based on Holistic appearance method were done only for VS, following the work of 
Prokoski et al14. The first study of the IR images for FR was carried by Cutler55by introducing the method based on 
Eigen faces proposed by Turkand Pentland19. Cutler produced the FR rate approximately 96% by working on a 
database of 288 thermal images, consisting of 12 images for each 24 subject and the images in data base were 
representing the variation in pose and facial. Later on, Socolinsky and Selinger et al.21 developed the different 
enhanced linear methods such as Eigen faces, Linear Discriminant Analysis (LDA), Local Feature Analysis (LFA) 
and Independent Component Analysis (ICA) for the thermal and visible data based FR. They concluded the 
accuracy in thermal spectrum is much higher (approximately 93-98 %) than to VS even a range of nuisance 
variables were present in the data base images.  
2.1.2 Contemporary Methods  
The FR methods in IR have similarities with VS but less complex in comparison to it. In 2011, Elguebaly and 
Bouguila22 studied a method based on a general Gaussian mixture model, for which the parameters were taken from 
the sample image using Bayesian approach, but this study achieved the FR accuracy of approximately 95%  on the 
Thermal/Visible database. Lin et al. 23developed another method for the FR by considering a database of 50 
individuals and per individual 10 images. This study proposed some ground evidence for the support of FR in the IR 
spectrum.   
Mostly the appearance based methods fully support the complicated statistical techniques rather than the 
inclusion of data specific knowledge. This is a major drawback in this body of research that the data considered for 
recognition have not included the types of intrapersonal variations due to different emotional states, alcohol intake 
or exercise, or even ambient temperature.  
2.2  Feature-Based Methods  
Different researchers have used feature based methods to extract the features of IR images for FR. Features of an 
IR image are extracted based on Local Binary Patterns (LBP), Wavelet Transform, Curvelet Transform, Vascular 
Network and blood perfusion. The wavelet transform is used to represent 1-dimensional and 2-dimensional signals, 
including face appearance in the VS. The curvelet transform extends the functioning of wavelet transform in which 
degree of orientational localization directlydepends on the scale of the curvelet. In year 1997, Yoshitomi et 
al24extracted the features from thermal images and proposed an approach based on combining the results of neural 
networks based classification and locally averaged appearance. The proposed method was executed at the room 
temperature ranging from 302 K to 285 K and the recognition rate was calculated 92% when the training and test 
data were captured at the same room temperature. Meanwhile the method achieved the recognition rate nearly 60% 
when the temperature difference was kept 17 K among the training and sample data.  
2.3  Multimodal Methods  
IR faces several challenges of FR methods such as opaqueness of eye glasses and the dependence of the acquired 
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data on the emotional and physical condition of the subject. In contrast to this, the eye glasses as well as 
physiological variables such as the emotional state do not produce any limitation in the FR. Due to several 
challenging factors, IR and visible spectrums can be pointed as complementary to each other. Different methods 
described for FR in visible and IR spectrum use the concept of fusion. The fusion of images can be performed by the 
two techniques. One is based on data level and other is on decision level. In the data level, the features are 
constructed by inheriting information from both modalities, and then the features are classified while within decision 
level, the accuracy of matching of two individuals in the IR and VS are calculated. Wilder et al.34 were the first 
researchers who use the concept of fusion of the two spectrums. The three methods, transform coded grey scale 
projections, Eigen faces and pursuit filters were used for matching the images. Then the comparison was done to 
check the performance in isolation as well as in their fusion and grey scale projections based method was ranked as 
the best. The proposed fusion method had great effect as the error rates are reduced from 10% down to 1% 
approximately. 
Another problem in FR is of time-lapse i.e. performance of an algorithm decreases with the passage of time 
between training and test data without considering the acquisition conditions. Later on, it was observed that FR 
performance decreases due to changes in the some tangible factors which affects the facial appearance and 
especially affects the thermal data. In year 2004, Siddiqui et al35 studied the effects of external temperature on the 
face temperature by using thresholding and image enhancement to normalize the face regions. Chen et al.36described 
the consequence of time-lapse on performance of IR based FR system which show that FR errors produced in VS 
and IR spectrums affected by the passage of time between sample and testing data gaining, are uncorrelated.  
The related study was also conducted by Chen et al.38 in which a similar fusion method was described. They used 
the approach of fuzzy integral neural network for the feature selection. The main advantage of this approach was the 
faster convergence and greater probability so that the accuracy can be achieved close to the global optimum 
solution. Heo et al.18used both types of fusion. With occurrence of eye glasses on the face image, the corresponding 
region is replaced with a generic eye template because it improves the FR accuracy in IR. Data-level fusion is 
obtained by the summation of corresponding pixels in mutually co-registered images in visible and IR. This study 
mainly pertains the difference between these two types of fusion. Data level achieved the remarkable performance 
whereas the decision-level performance was actually somewhat worsened. 
Kong et al39 also conducted the study to handle the occlusion of IR image regions by eye glasses by replacing an 
elliptical patch around the eyes by eye glasses with a patch which represents the average eye appearance. Similar to 
the study performed by Kong, Arandjelovic et al.40 did not remove the wrong image region, rather they introduced 
changes to canonical correlations based matching, in which eye glasses regions are ignored when sets of images are 
compared. In addition, Heo et al.18 also evaluated effects of the proposed fusion in visible and IR imagery on 
illumination invariance. During year 2004, Socolinsky et al.21 extended their study41 by implementing a decision 
based fusion method which is based on weighted combination of matching scores of indoor and outdoor images in 
the visible and IRS. The major illumination conditions were encountered in the outdoor images than to indoor 
images. Their fusion approach got the accurate results for the indoor images but did not get a satisfactory 
performance level for the outdoor images.  
Arandjelovi et al.42 developed the fusion method which provides the optimum weight of matching scores in an 
illumination specific manner. Moon et al.43 also conducted a study which also focuses on the controlling of the 
involvement of visible and IRS image. During study, they represent the face images by using the coefficients which 
were acquired by the wavelet decomposition of an input face image. In year 2005 and 2009, Kwon et al.44 and 
Zahran et al.45 also used the concept of wavelet based fusion during their work. Other approaches of Multimodal are 
geometric invariant moment based given by Abas and Ono47, elastic graph matching based method studied by 
Hizemtextit et al.48, isotherm based method studied by Tzeng et al.47, etc.   
3. Future of IR-Face Recognition 
Multi-spectral imaging is the process of concurrent acquisition of a set of images. The every image in the multi-
spectral imaging corresponds to a different band in the electromagnetic spectrum. The simple example of 
multispectral image is colour image in the visual spectrum having RGB sensations and can also be observed by 
human eyes. The hyperspectral images include more levels in a particular sub-band as compared to the multispectral 
images. Hyperspectral Imaging System (HIS) provides helpful discriminants for individual FR that cannot be 
achieved by any existing imaging system. A hyperspectral FR algorithm explores spectral curves for the different 
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facial tissue in NIR range (700nm-1400nm) of electromagnetic spectrum25. A hyperspectral imaging database of 31 
levels of 200 subjects was developed using CCD (Charge Coupled Devices) camera, having Liquid Crystal Tunable 
Filter (LCTF). Spectral curves produced in this manner show reflectance of subsurface tissue structure which varies 
for every individual, but stable for a long duration. The spectral characteristics of individual tissue are not affected 
by face direction and appearance which permits to use the hyperspectral discriminants for FR over a huge variety of 
poses and appearance. 
Pan et al.26 used the hyperspectral images for FR by studying the human skin and produce the spectral signature 
corresponding to the skin. In this study, they conclude the variability in spectral properties of the human skin and 
experimentally proved the effective differences for different subjects in amplitude as well as spectral outline of the 
curves of reflectance. The database for experiments contains 200 subjects with different sex, age and different 
composition and calculated the FR rates 50%, 75%, and 92% for different variations of face images. Pan et al. again 
conducted another study by using the application of holistic multispectral appearance. They used the Eigen faces on 
the images which are obtained from NIR sub-bands to de-correlate the features used for classification purpose.  
In year 2008, Stefan A. Robila27 studied an attractive approach based on the image combination of numerous 
imaging sources in visible and NIR electromagnetic spectrum. Hyperspectral data of 120 spectral bands is taken 
over hundreds of fine closest light spectrum intervals within the Visible and NIR. The imagery was taken by the off 
the shelf sensor in both inside and outside from various angles. Further spectral signatures are collected and used for 
feature extraction. Interest points of a human face are widely used as point-features in FR. In year 2009, in a study, 
Amit Mukherjee28 proposed an interest point based method of FR using hyperspectral images. The formulation of 
the hyperspectral data cube mapped on the Gaussian scale-space illustration, and Principal Components 
Decomposition (PCD) is used to join information well over to the different spectral layers. 
For the multi dimensional FR system and data analysis, both the human skin information and its molecular 
composition (tissue, blood and structure etc) have the spectral information at many dedicated wavelength in 
electromagnetic spectrum to discriminate the identical facial expression and features. In this progression, a 
hyperspectral FR system was developed by Wei Di, Lei Zhang29, in which three methods, WB (Whole Band) PCA, 
SBD (Single Band) PCA and BS-xFD (Band Subset Fusion Based) PCA, are proposed for FR. The spectral 
measurements were limited over the hyperspectral frontal imagery database of 25 individuals with 33 spectral bands 
in visible range (0.4–0.72 μm). To conquer the orientation difficulty54 in 2D FR, a hyperspectral FR system was 
developed by Andrew Wimberlya30, in which a well-organized technique for FR was developed using Orthogonal 
Subspaces (OS) and hyperspectral imaging. The author mainly focused on two techniques: PCA and OS Projection 
and categorized the research work in three stages. First, the author created a dataset (HYPDB 3.0) of hyperspectral 
images having 17 subjects with five different facial appearance and presentation angles, secondly, development of 
fused gray scale imagery data. Third, the PCA and OSP based methods were designed and tested a HFRS. The 
investigational outcome demonstrates that spectral combination of visible and infrared images yields enhancement 
in recognition correctness as compared to normal imaging.  
In contrast of lengthy and time taken traditional multi-dimensional imaging system, in year 2011, T. J. Roper and 
M. Andrews31 developed a hyperspectral imaging system, using Hyperspectral Human Skin Database (HHSD) of 79 
participants (subjects), covering a wide range of scope like age, ethnicities, skin tones and gender, was developed, in 
Visible (400nm)-NIR (1100nm) electromagnetic spectrum with 10nm/spectral bandwidth. A custom-designed image 
spectrometer; based on Electromagnetic Tunable Filter (ETF) technology and MySQL Server, were used in data 
acquisition and data implementation tasks. The custom-built support platform was used to overcome the 
discontinuities in the spectral dimension of the data cube due to participant movement during the acquisition 
process. These data, along with the relevant metadata such as participant information, calibration data, etc., have 
been stored in a MySQL Server. The purpose of this study was to develop a HHSD to aid into hyperspectral FR 
applications, such as skin detection and colour modelling. 
An appearance-based FR technique called Nonparametric-Weighted Fisherfaces (NW-Fisherfaces) feature 
extraction technique was developed by Dong-Lin Li32, to extract the features from hyperspectral images and also 
increases the separation for a number of person faces. The concept of inter-spectral matching was developed by 
Bourlai et al.33 in 2010, considered the use of data acquired in the SWIR sub-band for FR. The main significance of 
this work was to investigate the possibility of inter-spectral matching by calculating the effective results of matching 
of SWIR images with the visible images. 
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4. Summary and Conclusions 
In reference to the presented review, the applications of IR imaging for FR may be considered as the best 
alternative in the EMS (Electromagnetic Spectrum). IR imaging attracts the researchers a lot of and to pay attention 
in multi-dimensional imaging system to get more accurate results in the unfavorable conditions like object 
illumination, expression changes, facial disguises and dark environments. In this paper a detailed review and 
expanding corpus of last twenty years is discussed. Although there are several limitations in IR face recognition like 
eye glass problem, physiological problem etc. but no method has experimentally proved the correctness of IR based 
FR technique. Gone through the several IR based FR techniques two fundamental approaches Persistent 
Physiological Features and Multi-Model Fusion (VS and IRS), are explored to develop robust Identity Descriptors. 
However, both research approaches are in preliminary stages, although a continuous research and development may 
be expected to improve the overall performance of FR. Inspired from great success of IR and Visual bands in FR, a 
three dimensional imagery data (Multispectral/Hyperspectral) collected over hundred narrow and contiguous 
spectral bands is introduced for developing a rigid FR system. Recent research has proven that 
Multispectral/Hyperspectral Imaging System would be the future of human FR.  
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